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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to a 
closed-ring transparent optical communication network 
that provides for the protection of the principal commu- 
nication channel of each supported wavelength and for 
the management of low priority traffic. 
[0002] A significant problem in optical fiber communi- 
cations between various points is guaranteeing ade- 
quate protection against possible damage to the trans- 
mission means and/or part of the communication appa- 
ratus without resorting to elements external to the com- 
munication network, for example, centralized supervi- 
sion, and that also permits contemporaneous maximum 
utilization of the transmission band. It is also necessary 
that a breakdown in communication between two nodes 
not cause a breakdown in communication between the 
other nodes of the network. 

[0003] The prior art has attempted to deal with these 
problems in various ways. For example, EP 0 729 247 
describes an optical fiber synchronous bidirectional ring 
network wherein each fiber of the ring handles two sig- 
nals of different wavelengths. For example, a 1310 nm 
wavelength signal is used as an operating signal and a 
1 550 nm signal is used as a reserve signal. The network 
is constructed such that in fault free conditions the first 
wavelength can be used for exchanges between net- 
work elements, while at the same time the second wave- 
length can also be used to maximize transmission ca- 
pacity. During a fault condition, the second wavelength 
is used. 

[0004] In another example, EP 0 677 935 discloses a 
communication network that includes a number of sta- 
tions, S 1 -S3, that are distributed around a closed optical 
loop 30 having two access nodes N1 , N2 on a transmis- 
sion line LT or arc of the main loop. The information from 
these two nodes is carried on different wavelengths. The 
loop also includes an emergency optical fiber 31 and is 
protected against the failure of either node. For data re- 
ception, a station chooses one of the two wavelengths 
on the normal loop, or the emergency loop if the other 
is broken. 

[0005] EP 0,769,859 discloses a transparent optical 
self-healing ring communication network. The network 
consists of two optical communication lines coupled to 
at least two optical signal add/drop nodes. In the net- 
work at least one of the add/drop nodes can selectively 
drop optical signals from one of the lines and can also 
simultaneously input at least one optical signal into each 
of the lines. 

[0006] The prior art, in particular ITU-T Recommen- 
dation G.803. addresses various protection schemes, 
and in particular Path Protection, Multiplex Section Pro- 
tection (MSP) : Multiplex Section Dedicated Protection 
Ring (MS-DPRING) and Multiplex Section Shared Pro- 
tection Ring (MS-SPRING). 



[0007] Path Protection is applied only to unidirectional 
rings and consists in duplicating transmission on the 
working and protection branch and having a switch only 
in the receiver. Thus, a single node effects protection 
5 and there is single-ended operation without APS (Auto- 
matic Protection Switch) protocol. Path protection is al- 
so defined as Subnetwork connection protection. 
[0008] Multiplex Section Protection (MSP) is based 
on failure detection at the multiplex section level. It is 
10 characterized by two or more parallel multiplex sections, 
one of which is used for protection. It has a dual-ended 
operation because it requires a communication between 
the two nodes at the ends of the breakdown for commu- 
tation on the protection line using the APS protocol. 
is [0009] Multiplex Section Dedicated Protection Rings 
(MS-DPRING) are unidirectional rings with 1 + 1 protec- 
tion. Under a failure condition the entire stream of data 
is looped to the protection channel by the two nodes on 
each side of the failure. The operation of this type of ring 
20 class is always dual ended. At an SDH level, the APS 
protocol is required. 

[0010] Multiplex Section Shared Protection Rings 
(MS-SPRING) are bidirectional rings in which half of the 
capacity of the internal and external ring is reserved for 
25 protection. This capacity can be shared by several links 
and thus the throughput of the network is increased.' 
However, such a system can only be used for TDM mul- 
tiplexing and not for WDM multiplexing. 
[0011] Applicants have discovered the need for a 
30 WDM optical communication network in which the prin- 
cipal channel can be directed onto the occasional or re- 
serve channel when there is a breakdown of or degra- 
dation in the principal channel, without having to trans- 
mit at a different wavelength, without central control and 
35 without the electro optical conversion of the communi- 
'* cation channels. 

[0012] Applicants have also found that an optical 
communication network can be configured such that un- 
der fault free conditions, 1 00% of the communication ca- 
40 pacity can be utilized by transmitting and receiving pri- 
ority signals through a first communication arc of the net- 
work at a particular wavelength and transmitting and re- 
ceiving occasional traffic through a second arc of the 
communication network at the same wavelength. 

45 

SUMMARY OF THE INVENTION 

[0013] Accordingly, the present invention can be used 
for communication between various sites, generally 

so when a high transmission capacity is needed. Further- 
more, the present invention provides a mechanism for 
the protection of priority communication in the case of 
damage or breakdown. Management of the occasional 
channel permits a 100% utilization of the transmission 

55 capacity for the entire duration ol the operating time 
when there is absence of damage to the network. In the 
case ol a breakdown of or degradation in the priority 
channel, the priority t raff ic is redirected to the occasional 
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channel. 

[0014] Accordingly, the present invention is directed 
to a method and apparatus for providing a transparent 
optical communication network with a two-fiber bidirec- 
tional ring with autoprotection and management of oc- 5 
casional traffic that substantially obviates one or more 
of the limitations and disadvantages of the above-de- 
scribed prior arrangements. The objects and advantag- 
es of the invention will be realized and attained by 
means of the elements and combinations particularly 10 
pointed out in the appended claims. Additional objects 
and advantages of the invention will be set forth in part 
in the description which follows, and in part will be ob- 
vious from the description, or may be learned by practice 
of the invention. is 
[001 5] To achieve these and other objects and advan- 
tages, and in accordance with the purpose of the inven- 
tion as embodied and broadly described herein, the 
present invention comprises an optical communication 
network capable of carrying optical signals at a plurality 20 
of wavelengths bidirectionally, the network comprising 
an internal fiber optic link capable of carrying the plural- 
ity of wavelengths in a first direction; an external fiber 
optic link capable of carrying the plurality of wavelengths 
in a second direction that is opposite to the first direction; 25 
a first communication channel for at least a first wave- 
length in said plurality, comprising first portions of the 
internal and external fiber optic links, the first communi- 
cation channel being terminated by two nodes; a second 
communication channel for said first wavelength, com- 30 
prising second portions of the internal and external fiber 
optic links, the second communication channel being 
terminated by the two nodes; detection circuitry for de- 
termining degradation in the first communication chan- 
nel; a plurality of optical switches activated by the de- 3S 
tection circuitry for redirecting communications at said * 
wavelength from the first communication channel to the 
second communication channel upon detection of deg- 
radation in the first communication channel. 
[0016] In another aspect, the present invention is a 40 
method for correcting the failure of a fiber optic link in 
an optical communications network comprising provid- 
ing at least two fiber optic links capable of carrying a 
plurality of wavelengths of light; forming from the fiber 
optic links at least two optic communication channels for 45 
at least a first wavelength among said plurality; detect- 
ing degradation of the quality of transmission in any of 
the optical channels; and actuating optical switches to 
switch the transmission of said first wavelength from the 
channel in which degradation is detected to another so 
channel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The accompanying drawings, which are incor- ss 
porated and constitute a part of this specification, illus- 
trate several embodiments of the invention, and togeth- 
er with the description, serve to explain the principles of 



the invention. 

Figure 1 is a block diagram of a ring communication 
network in accordance with the present invention; 
and 

Figure 2 is a block diagram showing further details 
of the ring communication network shown in Figure 
1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] Reference will now be made in detail to the 
present preferred embodiments of the invention, exam- 
ples of which are illustrated in the accompanying draw- 
ings. Wherever possible, the same reference numbers 
will be used throughout the drawings to retertothe same 
or like parts. 

[0019] In accordance with the present invention, it is 
possible to fully utilize the transmission capacity of two 
optical fibers comprising the external and internal rings 
of a communication network, with the use of each wave- 
length of communication between two nodes for the al- 
location of two different sending and transmitting chan- 
nels (principal and occasional) that connect the two 
nodes by following disjunct paths effected by the ring 
architecture of the network. Under conditions of normal 
operation, communication between the two nodes can 
occur on both channels, while in the case of a break- 
down in or degradation of the principal channel, the prin- 
cipal channel communications can be redirected onto 
the path normally followed by the occasional channel. 
With such redirection, the occasional channel transmis- 
sion is interrupted for the duration of such breakdown 
or degradation. 

[0020] In accordance with the present invenlion, the 
process of reconfiguration of the connections between 
the nodes occurs at the optical level, that is, without 
electro optical conversion of the communication chan- 
nels, and does not require a system of centralized su- 
pervision or control communication between the nodes 
in question. As each channel allocated to one wave- 
length is independent of the others at various wave- 
lengths, the process of reconfiguration ol the connec- 
tions between two nodes does not affect the state of 
communication between the other nodes of the network. 
Protection of the channels is thus achieved while still 
assuring a transmission capacily that is much greater 
during normal functioning of the network. 
[0021] Figure 1 is a block diagram of a ring commu- 
nication network according to the present invention. The 
communication network 100 preferably comprises two 
optical fibers that interconnect the various nodes. As 
shown, the two optical fibers are an external fiber 110 
and an internal fiber 1 20. The flow of data exchanged 
between the various nodes traverses the communica- 
tion network 1 00 in opposite direct ions on the two optical 
fibers 110 and 1 20. In the case of the optical network, a 
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generic pair of nodes A and B in network 100 commu- 
nicates bidirectionalry, using as a carrier a wavelength 
of an appropriate WDM comb. Such a wavelength can- 
not be shared lor transmission by other nodes of the net- 
work 100. Tapping and detection of said wavelength by 
other nodes (broadcast transmission mode) is possible, 
although protection against faults may not be guaran- 
teed. 

[0022] According to the present invention, an arc 
transmission path is used for the exchange of data on 
external optical fiber 110 from the first node A to the sec- 
ond node B. The same path is used in the reverse di- 
rection on the internal optical fiber 1 20 for the exchange 
of data from the second node B to the first node A, Bi- 
directional communication is thus realized between 
nodes A and B, using only a part of or an arc of the com- 
munication ring 100. The path or arc complementary to 
that just described can be used as a second bidirectional 
communication path between the nodes A and B using 
the same wavelength as the preceding channel. This 
permits a 100% utilization of the transmission capacity 
of the network 1 00. 

[0023] Optical amplifiers can be provided between 
nodes to compensate for attenuation along fibers 110, 
120. 

[0024] More specifically, in accordance with the 
present invention, nodes A and B communicate in the 
network 100 at a wavelength A.1 , and thereby a first bi- 
directional communication channel is realized between 
the transmitter TX1 of node A and the receiver RX1 of 
node B and vice versa th rough generic node X. Similarly, 
a second bidirectional communication channel is real- 
ized between transmitter TX2 of node A and RX2 of 
node B, and vice versa through generic node Y, also at 
wavelength VI. 

[0025] Nodes A and B are optically transparent at un- 
suitable wavelengths, which are dedicated to communi- 
cation between other nodes. In the same manner, every 
other node in communication nelwork 100 is transparent 
to wavelength X1 dedicated to nodes A and B. As shown 
in Figure 1 , the solid arrows in nodes other than A and 
B indicate the normal path of the communication chan- 
nels between the nodes. This transmission path facili- 
tates the full utilization of the transmission capacity of 
the communication network 1 00 under normal operating 
conditions. In a broadcast transmission embodiment 
nodes other than A and B can be provided with a wave- 
length selective tap to draw a small fraction of the optical 
signal at wavelength XI from fibers 110 and / or 120. 
[0026] In accordance with the present invention, the 
two bidirectional channels on nodes A(B) are separately 
defined. In particular, channel "1 " between TX1 and RX1 
is preferably defined as the "principal" channel and the 
channel "2", between TX2 and RX2 is preferably defined 
as the "secondary" or occasional channel. Such defini- 
tion presumes the use of channel 1 for managing high- 
priority traffic that requires complete protection, while 
channel 2 is used for managing low-priority traffic that 
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does not require such protection. 
[0027] The protection mechanism of the present in- 
vention as shown in Figure 1 consists of redirecting 
channel 1 traffic onto the path normally used by channel 
s 2 in the case of a breakdown in or degradation of com- 
munications on channel 1. In order to achieve such re- 
direction, the traffic on channel 2 is interrupted. Accord- 
ing to the present invention, the communication network 
100 includes a plurality of optical switches 131-134 in- 
w terposed between the communication terminals of 
nodes A and B and the optical Add/Drop complex of the 
waveguides, which are used for the redirection and 
which are described in more detail below. 
[0028] The procedure for protecting principal channel 
15 1 according to the present invention operates in the fol- 
lowing manner in time sequence. First, a breakdown in 
the communication path between nodes A and node B 
on channel 1 is received as the lack of an optical signal 
or degradation of the signal entering receiver RXl. A 
breakdown may be caused, for example, by a broken 
optical fiber or by a fault in an optical amplifier. Then, 
suitable control logic on nodes A(B) activates the optical 
switches 131-134 to disconnect the optical entrance of 
the receiver RX1 and the optical exit of the transmitter 
TX1 from the ring path being used, connecting them to 
the complementary path. This same operation discon- 
nects the receiver RX2 and the transmitter TX2 from 
communication network 100. If the breakdown involves 
only one of the two directions of propagation of the prin- 
cipal bidirectional channel 1, the operation described 
before undertaken by the node A(B) which has suffered 
the breakdown on the reception path forces the lack of 
optical signal condition on the receiver RX1 of the node 
B(A). This consequently triggers the protection mecha- 
nism described before. Then the principal channel 1 uti- 
lizes in both directions of propagation the complemen- 
tary network path previously used by the secondary 
channel. Low priority traffic is lost until the situation re- 
turns to normal. 

[0029] In Figure 1 the dashed-line arrows between 
nodes A and B represent the redirected path of principal 
channel 1 following a reconfiguration of the network 1 00 
after a breakdown in or a degradation of channel 1 has 
been detected. As shown in Fig. 1, transmitter TX1 of 
node A will be redirected to transmitter TX2 of node A 
and will be then transmitted along external fiber 110 
through generic node Y to receiver RX2 of node B. Sim- 
ilarly, transmitter TX1 of node B will be redirected to 
transmitter TX2 of node B for transmission on internal 
fiber 1 20 to receiver RX2 of node A, which will be redi- 
rected to receiver RX1. in this manner, the principal 
channel, typically transmitted on the left-side arc of the 
network 1 00, is transmitted instead on the right-side arc, 
which is typically used for occasional traffic. 
[0030] Figure 2 is a more detailed block diagram of 
the communication network shown in Fig. 1. In particu- 
lar, Fig. 2 illustrates, by way of example, a more detailed 
configuration of Node A shown in Fig 1 in the case of a 
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four-wavelength WDM ring network. However, a differ- 
ent number of wavelengths can be used, e.g. 8, or 16, 
or 32. If needed, the skilled in the art can make obvious 
changes to the described embodiments and accommo- 
date a number of wavelengths different from lour. Node 
B is preferably configured similarly to node A, As shown 
in Fig 2, the external fiber 110 and the internal fiber 120 
each carry four wave lengths, \1 , X2, X3, and \4. There- 
fore, the present configuration can accommodate eight 
bidirectional links between eight nodes. One half of the 
capacity of the network is used for principal traffic and 
the other hall of the network is used for occasional traf- 
fic. 

[0031] As shown in Fig. 2, an optical signal enters 
node A from one of either internal fiber 120 or external 
fiber 1 1 0 of the communication network 1 00. The signals 
on either the external fiber 110 or the internal fiber 120 
are input to a wave division multiplexing (WDM) demul- 
tiplexing unit 21 1 , 21 2. Demultiplexing units 21 1 and 21 2 
separate the wavelengths and output selecled wave- 
length A.1 to optical switch 1 32. In accordance with the 
present invention, the optical switches 131, 132 may 
each comprise a JDS FITEL SW22B4-20FP optical 
switching module or like device. 
[0032] Demultiplexing is performed to separate differ- 
ent wavelengths, or groups of different wavelengths 
along different paths. Thus, as shown in Fig. 2, \~\ on 
the internal fiber 120 is input to receiver RX2 from de- 
multiplexing unit 211, while X.1 on the external fiber 110 
is input to receiver RX1 from demultiplexing unit 212, 
through optical switch 132. 

[0033] Filtering may be provided to filter out excess 
noise before the signal is input to the detection circuitry, 
described below. Applicant remarks that if optical ampli- 
fiers are provided in the ring network filtering can keep 
the level of ASE generated in the optical amplifiers low. 
Filters may be provided along each of the optical paths 
at the output of demultiplexing units 211, 212. In a pre- 
ferred embodiment, however, the filtering function is 
provided directly by demultiplexing units 211 , 212 and / 
or multiplexing units 213, 214. In accordance with the 
present invention, the demultiplexing units 211 and 212 
may each comprise a Pirelli 4WS demultiplexing unit or 
a similar device. In another example, demultiplexing 
units 211, 212 may be Arrayed Waveguide Grating 
(AWG) devices. 

[0034] The wavelengths on the internal and external 
fibers 120 and 110 not accommodated by nodes A and 
B, i.e., those other than X1, are transmitted directly to 
the WDM multiplexing units 21 3, 214 of the correspond- 
ing path. The multiplexing units 21 3 and 214 reconfigure 
the signal from its component wavelengths. In accord- 
ance with the present invention, the multiplexing units 
213 and 214 may each comprise a Pirelli 4WM multi- 
plexing unit or a similar device, as well as an Arrayed 
Waveguide Grating (AWG) device. 
[0035] Transmitters TX1 and TX2 of node A are re- 
spectively connected to transponders 215 and 216 that 



provide for the conversion of the wavelength emitted by 
TX1 and TX2 to the wavelength X1 managed by node 
A. In accordance with the present invention, transpond- 
ers 21 5, 21 6 may each comprise a Pirelli TXT/EM trans- 
s ponder unit or like device. 

[0036] The outputs of transponders 21 5, 216 arecon- 
nected to transmission optical switch 1 31 , the output of 
which is connected to the respective multiplexing units 

213, 214. The WDM multiplexed optical signals output 
from the multiplexing units 213, 214 are respectively 
amplified by optical amplifiers 217, 218 before being re- 
introduced into the communication network. In accord- 
ance with the present invention, the optical amplifiers 
217 and 218 may each comprise a Pirelli OLA/E-MW 
optical line amplifier or like device. 
[0037] As shown in Fig. 2, the reception optical switch 
132 is connected to permit the receiver RX1 of the prin- 
cipal channel to be connected to the WDM demultiplex- 
ing unit 211 , 212, respectively, of the external or internal 
path 110, 120. The transmission optical switch 131 is 
connected to permit the transmitter TX1 of the principal 
channel to be connected to the WDM multiplexing unit 

214, 213, respectively, of the external or internal path 
110, 120. 

[0038] The absenco of or degradation in the signal 
transmitted along the principal channel can be detected 
by detection circuitry that comprises a splitter 222 that 
withdraws a small fraction of the oplical power received 
for example 5% or less. The output of the splitter is input 
to a photodiode 21 9 that determines the level of the op- 
tical power. The output of the photodiode 21 9 is an elec- 
trical signal coupled to threshold detector 220, the out- 
put of which is coupled to control logic 221 . Control logic 
221 outputs an electrical switch driving signal shown as 
dotted lines to optical swilches 1 31 and 1 32 to effect a 
reconfiguration, if necessary. The detection circuitry 
comprising the splitter 222, photodiode 219, threshold 
detector 228, and control logic can be accommodated 
on the same card that supports the optical switches 1 31 
and 132. It is noted that similar detection circuitry can 
also be used to detect a breakdown in or degradation of 
communication on the internal fiber 120, not shown. 
[0039] Alternatively or in combination, the receiver 
RX1 can detect a break in or degradation, for example 
a BE R (Bit Error Rate) > 10* 6 , of the received signal and 
can output a reception alarm signal to the control logic 
221. As above, the control logic 221 then outputs a 
switch driving signal to the optical swilches 131 , 132 to 
reconfigure the transmission path of the principal chan- 
nel, as described above. 

[0040] In an example, a bidirectional ring network ac- 
cording to the invention can comprise 8 nodes linked by 
twin spans of single mode optical fiber, each having a 
length of about 64 km, to achieve a ring circumference 
of about 512 km. In the example each node provides 6 
dBof attenuation to four signals at different wavelengths 
in the amplification band of erbium. A total of 16 erbium 
doped optical amplifiers (Pirelli OLA-MW), providing a 
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gain of approximately 22 dB, are arranged at the output 
of each node, on both the internal and external fiber ring. 
A total of four protected and four non-protected bidirec- 
tional links at 2.5 Gb/s (SDH-STM16) between couples 
of nodes are so provided. 

[0041] In an alternate embodiment of the present in- 
vention, the transmission optical switch 1 31 can be in- 
terposed between transmitters TX1 and TX2 of node A 
and the transponder units 215, 216 to permit the princi- 
pal channel to utilize the transponder unit 21 6 of the re- 
serve channel in the case of reconfiguration. In this man- 
ner, the transponder unit 215 of the principal channel 
can be protected. Thus, a failed transponder on the prin- 
cipal channel can be by-passed. 
[0042] It should be noted that the system shown and 
described above is applicable to a WDM network with 
any number of wavelengths and nodes, provided the op- 
lical power dynamics at the entrance to the receivers 
and the optical amplifiers are observed. In addition, the 
structure o( the present invention does not bind the ge- 
neric node to the use of a single wavelength. It is clear 
from Figure 2 that a second pair of receiver/transmitters 
RX1/TX1 and RX2/TX2 can be connected to another 
wavelength extracted and reinserted to the network by 
the demultiplexing and multiplexing WDM units with 
separate protection logic actualized by means of a sec- 
ond pair of optical switches. It is thus possible to connect 
a single node to various addhional nodes, always with 
bidirectional channels individually protected using dif- 
ferent wavelengths for each channel. 
[0043] In addition, the use of the secondary channel 
is not necessary for the correct functioning of the net- 
work and no reconfiguration action is carried out in the 
case of the absence of the latter or a breakdown in its 
communication path. 

[0044] Other embodiments of the invention will be ap- 
parent to those skilled in the art from consideration of 
the specification and practice of the invention disclosed 
herein. For example, the concepts taught herein can be 
adapted to an all-electrical communication network. In 
such a case the photodiode and optical signal splitter 
would be replaced with a filter and the optical switch 
would become an electrical switch. It is intended that the 
specification and examples be considered as exemplary 
only, with a true scope and spirit of the invention being 
indicated by the following claims. 

Claims 

1. An optical communication network capable of car- 
rying optical signals at a plurality of wavelengths bi- 
directionally, the network comprising: 

an internal fiber optic link capable of carrying 
the plurality of wavelengths in a first direction; 
an external fiber optic link capable of carrying 
the plurality of wavelengths in a second direc- 
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tion that is opposite to the first direction; 
a first communication channel for at least a first 
wavelength in said plurality, comprising first 
portions of the internal and external fiber optic 
links, the first communication channel being 
terminated by two nodes; 
a second communication channel for said first 
wavelength, comprising second portions of the 
internal and external fiber optic links the second 
io communication channel being terminated by 

said two nodes; 

detection circuitry for determining degradation 
in the first communication channel; 
a plurality of optical switches activated by the 
15 detection circuitry for redirecting communica- 

tions at said first wavelength from the first com- 
munication channel to the second communica- 
tion channel upon detection of degradation in 
the first communication channel. 

20 

2. The optical communication network according to 
claim 1 , wherein the detection circuitry comprises: 

an optical splitter capable of withdrawing a 
25 power signal from the first communication 

channel; 

a photodiode, coupled to the optical splitter, ca- 
pable of determining a level of the power signal; 
a threshold detector, coupled to the photodi- 
30 ode, capable of determining a threshold level 

of the power signal; and 
control logic, coupled to the threshold detector, 
capable of outpulting a switch driving signal to 
selected ones of the plurality of optical switch- 
es es. 

3. The optical communication network according to 
claim 1 wherein the first communication channel 
comprises a first transmitter/receiver pair within the 

40 first node and a second transmitter/receiver pair 
within the second node. 

4. The optical communication network according to 
claim 1 wherein the plurality of wavelengths on the 

45 internal fiber optic link are input to a first demulti- 
plexing unit and the plurality of wavelengths on the 
external fiberoptic link are input to a second demul- 
tiplexing unit. 

50 5. The optical communication network according to 
claim 4, wherein the first and second demultiplexing 
units extract said first wavelength and pass the re- 
mainder of the plurality of wavelengths. 

ss 6. The optical communication network according to 
claim 1 wherein the internal and external optical fib- 
er links comprise optical amplifiers. 
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A method for correcting the failure of a fiber optic 
link in an optical communications network compris- 
ing: 

providing a) least Iwo fiber optic links capable s 
of carrying a plurality ol wavelengths of light; 
forming from the fiber optic links at least two 
optic communication channels for at least first 
wavelength in said plurality; 
detecting degradation of the quality of trans- to 
mission in any of the optic channels; and 
actuating optical switches to switch the trans- 
mission of said first wavelength from the chan- 
nel in which degradation is detected to another 
channel. '5 
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